Abstract Tetralogy of Fallot (TOF) is a congenital heart disease characterized by abnormal cardiomyocyte differentiation in the right ventricular outflow tract (RVOT), and HA117 is a novel long noncoding RNA (lncRNA) with anti-differentiation roles.
Introduction
Congenital heart disease (CHD) is one of the most common congenital malformations with a morbidity of 8&, and 28% of congenital malformations are accompanied by cardiac abnormalities. 1, 2 Tetralogy of Fallot (TOF) is a typical complex CHD and accounts for 3%e5% of all CHD cases. 3 Deformities of the right ventricular outflow tract (RVOT), especially in pulmonary artery, are observed in almost all TOF patients, 4 and the indexes of severity of RVOT dysplasia such as McGoon ratio, Nakata index and left ventricular end-diastolic volume index (LVEDVI) are predictors of prognosis. 5 A relationship between abnormal differentiation of cardiomyocytes and deformities of the RVOT has been widely reported by several recently studies, 6 ,7 with a focus on several genes and noncoding RNAs associated with cell differentiation. 8, 9 HA117 (also known as NS117) is a novel long noncoding RNA (lncRNA) (GenBank accession number: CB214920) located in the 14q24.2 region of chromosome 14. We first reported HA117 in multidrug-resistant subpopulations of HL60 cells (a human acute promyelocytic leukemia cell line) induced by all-trans retinoic acid (ATRA). 10 Our previous studies indicated that HA117 is closely related to cell differentiation in vivo and in vitro. Here, we determined the expression of HA117 in RVOT samples from TOF patients and collected clinical data to conduct a cross-sectional and short-term follow-up study. Our study aimed to investigate the correlation between HA117 expression and TOF, including both severity and prognosis of TOF.
Methods

Study participants and data collection
We enrolled patients undergoing total correction of TOF at the Department of Cardiothoracic surgery, Children's Hospital of Chongqing Medical University from January 2016 to March 2017 and determined HA117 expression by real-time polymerase chain reaction (QPCR) at Chongqing Key Laboratory of Pediatrics, Chongqing Medical University. Forward primer of HA117 for QPCR was 5 0 -CAGAGTCAGGGACTTCAG CCTTAT-3 0 and reverse primer was 5 0 -CTGTTTCCTTCTCAC TCCCAACCA-3 0 . In situ hybridization (ISH) was used to ascertain the expression of HA117 in RVOT tissues by random inspection. Forward primer of HA117 for ISH was 5 0 -TCTCTACCTACCAGGATGAGTCCAATGCC-3 0 and reverse primer was 5 0 -TCAGGGACTTCAGCCTTATGGTGACA-3 0 . Patients with adequate information on baseline characteristics in our Cardiovascular Treatment System (CTS) database were included in the current study. Patients with previous heart surgery or combined chest wall deformity or patients who were lost to follow-up were excluded. A total of 84 individuals (55 males and 29 females) were included in this study.
Data on baseline demographic and clinical characteristics, including age, sex, HA117 expression, McGoon ratio, Nakata index, LVEDVI, left ventricular ejection fraction (LVEF), SPO 2, pulmonary artery valve reflux grade (PR grade), tricuspid valve reflux grade (TR grade), cardiopulmonary bypass (CPB) time, aortic cross-clamp (ACC) time, respirator time, ICU stay, death, and organ system dysfunction, were collected from the CTS database. Improvement in LVEF or SPO 2, PR grade, TR grade and ventricular arrhythmia at 6 months postsurgery were also examined. McGoon ratio was calculated as (diameter of the left pulmonary artery þ diameter of the right pulmonary artery)/(diameter of the aorta on diaphragmatic level; Nakata index was calculated as area of the left pulmonary artery þ area of the right pulmonary artery)/ (body surface area); LVEDVI was calculated as (left ventricular end-diastolic volume)/(body surface area) 14 ; and body surface area (m 2 ) was calculated as (0.0061 Â height (cm) þ 0.0124 Â weight (kg)e0.0099). 15 Other data were obtained directly from routine examination such as echocardiography, cardiac CT or electrocardiography.
All RVOT samples were resected from TOF patients during surgery at the Department of Cardiothoracic Surgery, Children's Hospital, Chongqing Medical University. This study was approved by the Ethical Committee of Chongqing Medical University to ensure the protection of the patients' privacy. Families of the patients agreed to the study and signed consent forms.
Real-time polymerase chain reaction (QPCR)
Total RNA was extracted from RVOT tissues or cell lines with TRIzol reagent (Sigma, St. Louis, MO, USA). Then, firststrand cDNA was synthesized from RNA by reverse transcription using a PrimeScriptä RT reagent kit (TaKaRa, JPN). Real-time PCR was performed using the CXF96 (BioRad, USA) system and SYBR Green Real-Time PCR kit (TaKaRa, JPN). The PCR conditions were as follows: denaturation at 95 C for 3 min, followed by 35 cycles at 95 C (30 s), 59 C (30 s) and 72 C (30 s), and a final extension at 72 C for 5 min.
Diagnosis criteria and data grade
Organ system dysfunction was diagnosed according to previously reported criterion (Supplementary Table. s1 ). 16 PR grade and TR grade were defined as no reflux (grade 0), severe reflux (grade 1), moderate reflux (grade 2), severe reflux (grade 3) and extremely severe reflux (grade 4) according to echocardiography results. McGoon ratio, Nakata index, LVEDVI, LVEF and SPO 2 were divided into two groups each using cut-off values 1.2, 150 mm 2 /m 2 , 30 mL/m 2 , 50 and 80, respectively according to previously published studies. 5 
Statistical analysis
Continuous data were presented as the mean with standard deviation (SD) or median with interquartile range (IQR). Categorical variables were presented as proportions. Continuous data were compared using unpaired t-tests or ManneWhitney U tests. Chi-square test was used to compare categorical variables between two groups. Pearson's or Spearman's correlation analysis was used to determine the correlation between HA117 expression and other clinical indicators. Logistic regression analysis was used to examine whether HA117 was an independent predictor of McGoon ratio, Nakata index, LVEDVI, LVEF, SPO 2 , PR grade and TR grade. All analyses were performed with SPSS, version 24.0 and GraphPad Prism version 5.0. P value of less than 0.05 was considered statistically significant.
Results
Baseline clinical characteristics and preoperative data
The expression of HA117 in RVOT tissues was detected by QPCR and confirmed by ISH (Fig. 1 ). Patients were divided into two groups according to the relative expression of HA117, with 1.0 set as the cut-off. In the whole cohort, 32 of 84 (55 males and 29 females) patients had relative HA117 expression of more than 1.0. No significant difference in age or sex was found between patients with higher HA117 expression and patients with lower HA117 expression. Additionally, McGoon ratio, Nakata index, LVEDVI and LVEF in patients in the higher HA117 expression group were significantly lower than those in patients in the lower HA117 expression group (p < 0.05, Table 1 ).
Moreover, McGoon ratio (r Z À0.380, p Z 0.010), Nakata index (r Z À0.256, p Z 0.019), LVEDVI (r Z À0.120, p Z 0.044) and LVEF (r Z À0.135, p Z 0.032) were negatively correlated with HA117 expression (Table 2) .
Univariate logistic regression analysis showed that McGoon ratio (odds ratio (OR) Z 5.246, 95% confidence interval (CI): 1.737e15.841, p Z 0.003), Nakata index (OR Z 3.857, 95% CI: 1.420e10.476, p Z 0.008) and LVEDVI (OR Z 4.853, 95% CI: 1.742e13.519, p Z 0.003) were associated with HA117 expression. Multivariate logistic regression analysis further confirmed the association between Nakata index and HA117 expression (OR Z 5.405, 95% CI: 1.765e16.559, p Z 0.003) after adjustment for sex (Table 3) .
Perioperative data
Patients with higher HA117 expression had longer CPB time (127.50 AE 30.56 vs. 109.9 AE 40.92, p Z 0.036) and ICU stay (107.10 AE 26.66 vs. 94.41 AE 24.03, p Z 0.041) than patients with lower HA117 expression. The mortality within the perioperative period was 9.52% (7/84), 12.50% (4/32), and 5.77% (3/52) in all patients, patients with higher HA117 expression and patients with lower HA117 expression, respectively (p Z 0.423). There was no significant difference in ACC time, respirator time or prevalence of organ dysfunction (Table 4) .
Postoperative data at 6 months after surgery
Postoperative data were collected at 6 months after surgery. Compared to the preoperative baseline value, the percentage improvement in SPO 2 at 6 months after surgery was 15.4% (2.80, 17.5), 2.4% (2.1, 16.7), and 16.3% (3.3, 25.4) in all patients, patients with higher HA117 expression and patients with lower HA117 expression, respectively, and the difference was significant (p Z 0.029). The prevalence of PR grade ! II, TR grade ! II and ventricular arrhythmia was slightly higher in patients with higher HA117 expression than in patients with lower HA117 expression; however, the difference did not reach significance (Table 5 ).
Discussion
Because of anatomic abnormality in TOF, especially the overriding of aorta and obstruction of RVOT, dysplasia of the left ventricle and pulmonary artery is common. McGoon ratio, Nakata index and LVEDVI are the main standardized indicators of the development of left ventricle and pulmonary artery dysplasia. Reduced values of the McGoon ratio, Nakata index and LVEDVI are predictors of adverse outcomes. 5, 17, 18 TOF is a severe CHD that leads to numerous complications and poor outcomes in several patients. 19, 20 Therefore, research on the etiology of TOF is necessary and urgent. Abnormalities in cardiomyocyte differentiation in RVOT tissues from TOF patients can be observed throughout the entire period of heart development, 21 and several genes related to cell differentiation play roles in TOF. 9, 22 HA117 was first discovered in an experiment in which HL60 cells were induced with ATRA; HA117 is considered to be a gene segment related to cell differentiation.
10 HA117 was later found to display anti-differentiation functions in leukemia cells, solid tumors and Hirschsprung's disease. 11e13 DPF3 and RGS6 are genes neighboring HA117, and these two genes are regulated by HA117 and play important roles in the heart tissues. DPF3 plays a complex role in TOF; it is expressed in the heart during early embryonic stages, and its level gradually decreases after heart formation.
23
RGS6 is a dominant regulator of G protein signaling modulators involved in parasympathetic regulation in the heart. 24 Considering the function of HA117 reported before and during abnormal cardiomyocyte differentiation in TOF patients, we hypothesized that the severity of TOF might be related to the expression of HA117. To confirm this hypothesis, we performed this cross-sectional and short-term follow-up study.
Our study included 84 patients who underwent total correction of TOF. Our data displayed that the higher was the expression of HA117, the lower were the values of clinical indices and worse was the heart function. To further investigate the association between clinical indexes and HA117 expression, we performed correlation analysis in all patients. The results showed that HA117 expression was negatively correlated with McGoon ratio, Nakata index, LVEDVI and LVEF. We further performed logistic regression analysis and found that an increased HA117 expression was a risk factor for unfavorable McGoon ratio, Nakata index and LVEDVI.
We also observed that the CPB time and ICU stay were longer for patients with higher expression of HA117 than in patients with lower expression of HA117. The percentage improvement in SPO 2 was also significantly reduced in patients with higher HA117 expression at 6 months after surgery. Other data obtained during the perioperative period and 6 months after surgery also showed that increased HA117 expression was a risk factor. Although the difference was not significant, the results show that higher HA117 expression can lead to adverse outcomes in TOF patients to some extent.
Nevertheless, some limitations of this study should be mentioned. First, we cannot establish a causal relationship between HA117 expression and long-term prognosis, as we followed up the patients for merely 6 months after surgery. Second, the mechanism of action of HA117 in TOF is not clear. Further in vitro studies are thus necessary. However, to the best of our knowledge, this is the first study on the expression of a novel lncRNA, HA117, in TOF.
Conclusions
Increased HA117 expression is a risk factor for unfavorable McGoon ratio, Nakata index and LVEDVI in TOF patients. Additionally, increased expression of HA117 might indicate adverse short-term outcomes in TOF patients.
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